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PHOTODETECTOR HAVING A NEAR FIELD CONCENTRATION 



5 CROSS - REFERENCE TO RELATED APPLICATIONS 

The present Application is based on International Application No. 
PCT/EP2004/053324. filed on December 7. 2004. which in turn corresponds 
to FR 03/14717 filed on December 16, 2003, and priority is hereby claimed 
10 under 35 USC S1 1 9 based on these applications. Each of these applications 

are hereby incorporated bv reference in their entirety into the bresent 
application. 

BACKGROUND OF THE INVENTION 

15 

1. Field of the invention 

The field of the invention is that of photodetectors, and more 
precisely so-called quantum well photodetectors operating in the medium 
20 infrared, known by the acronym QWIP standing for Quantum Well Infrared 
Photodetector. 

2. Description of the prior art 

■I 

25 In order to improve the performance of the detectors it is 

necessary to optimize their detectivity, i.e. the ratio between the response of 
the detector and the noise. When the electronic noise is negligible, the total 
noise is proportional to the square root of the area of the electrically active 
zone of the detector. The response, for its part, is proportional to the light flux 

30 absorbed. With a constant absorbed flux, it is therefore necessary to reduce 
the area of the absorption zone in order to improve the detectivity. Similarly, 
the dark current is proportional to the area of the active zone. In imaging 
systems in which the dark current limits the performance of the readout 
circuit, it is therefore also important to reduce the size of the area of the 

35 active zone in order to increase performance. 

When a single detector is used, in order to reduce the area of the 
active zone while conserving the flux it is possible, for example, to focus the 
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light onto a detector of size D using a lens with a diameter ^ slightly greater 
than D, in which case an improvement of the signal/noise ratio by a quantity 
equal to ^^/D is obtained. The signal/dark current ratio is also improved by 

a factor ^/D, This solution is not applicable per se to a matrix of detectors. 

5 

SUMMARY OF THE INVENTION 

It is an object of the invention to concentrate the light energy on a 
reduced surface of the detector by exploiting near field localization 

10 phenomena and the properties of certain surface waves known as surface 
plasmons, the localization being obtained by means of optica! structures 
arranged in the vicinity of the active surface of the detector. The detectivity of 
the detector is thus improved significantly. 

The invention advantageously applies to quantum well detectors. 

15 This is because these detectors naturally require a diffraction grating which 
excites a polarized wave of the Transverse Magnetic type, making it possible 
for the incident wave to be absorbed by the quantum wells. In this case, it is 
sufficient to modify the structure of the grating in order to obtain both 
absorption and concentration of the incident light energy. 

20 This invention, which utilizes metallic gratings, is well suited to the 

infrared range. This is because the metallic structures are particularly 
efficient in this spectral range, in so far as they exhibit both low losses and a 
strong interaction with the electromagnetic field. 

Lastly, the field may be concentrated either in one space 

25 dimension by means of a structure composed of parallel grooves, or in both 
space dimensions by means of a two-dimensional structure. 

More precisely, the invention relates to a photodetector comprising 
at least one active zone for detecting optical radiation and a stiructure, 
30 arranged on said active zone, intended for optically coupling the optical 
radiation, characterized in that the active zone has an elongate shape and 
said structure is composed of grooves which are mutually parallel and 
parallel to the length of the active zone. 

Advantageously, the structure is produced in a layer of at least 
35 one dielectric material which is transparent in the spectral range of the optical 
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radiation, said layer comprising a substantially plane lower face in contact 
with the active zone and an upper face comprising the grooves of the 
structure, said face being covered with a metal film, and the optical thickness 
of said layer separating the lower face from the upper face along an axis 

5 perpendicular to the direction of the grooves and parallel to the plane of the 
lower face varying as the superposition of at least one first so-called coupling 
grating whose pitch has a first spatial frequency and a second so-called 
localization grating whose pitch has a second spatial frequency that is two 
times the first spatial frequency and which comprises a central spatial defect. 

10 It also relates to a photodetector comprising at least one active 

zone for detecting optical radiation and a structure, arranged on said active 
zone, intended for optically coupling the optical radiation, characterized in 
that said two-dimensional structure is composed of patterns with substantially 
identical dimensions, in that the acfive zone is centered on said structure and 

15 in that the dimensions of the active zone are substantially equal to the 
average dimensions of the patterns. Advantageously, when the layer 
constituting the structure is made from an isotropic dielectric material, each 
pattern is composed of mutually parallel plane facets with different heights, 
the dimensions of the patterns of the structure being approximately equal to 

20 half the average wavelength of the incident radiation divided by the average 
optical index of the structure and the active zone being surrounded by an 
optically passive zone with dimensions substantially equal to those of the 
structure. Advantageously, the structure is produced in a layer of at lefast one 
dielectric material which is transparent in the spectral range of the optical 

25 radiation, said layer comprising a substanfially plane lower face in contact 
with the active zone and an upper face comprising the patterns of the 
structure, said face being covered with a metal film, the optical thickness of 
said layer separating the lower face from the upper face varying: 

• along a first axis parallel to the plane of the lower face, as at 
30 least one first grating whose pitch has a first spatial frequency; 

• along a second axis perpendicular to the first axis and parallel 
to the plane of the lower face, as at least one second grating 
whose pitch has the same first spatial frequency; and 

• along an oblique third optical axis at 45 degrees to the 
35 previous two, as at least one third grating whose pitch has a 



second spatial frequency equal to half the first spatial 
frequency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be understood more clearly, and other 
advantages will become apparent, on reading the following description given 
without implying any limitation and from the appended figures, in which: 

• Figure 1 represents the dispersion curve of the surface plasmons 
in the case of interference between two media with different 
permittivities; 

• Figure 2 represents the dispersion curve of the waves propagating 
in a periodic medium; 

• Figure 3 represents the distribution of the electric field and of the 
permittivity profile corresponding to the points ©. and ©+ in Figure 
2; 

• Figure 4 represents the dispersion curve of the waves propagating 
in a periodic medium of length L; 

• Figure 5 represents the distribution of the electric field for the first 
order (5=7r/L) and the second order (5=27i/L) of the modes 
represented in Figure 4; 

• Figure 6 represents the distribution of the electric field and the 
permittivity profile in the case of a periodic medium comprising a 
defect Ax equal to +Ay4; 

• Figure 7 represents the distribution of the electric field and the 
permittivity profile in the case of a periodic medium comprising a 
defect Ax equal to -Ay4; 

• Figure 8 represents a view in section of a detector comprising a 
grooved structure according to the invention; 

• Figure 9 represents the distribution of the electric field and the 
permittivity profile of the grooved structure in a first embodiment 
according to the invention; 

• Figure 10 represents the distribution of the electric field and the 
permittivity profile of the grooved structure in a second 
embodiment according to the invention; 
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• Figure 11 represents the Fourier transform of the profile of the 
structure in the first embodiment according to the invention; 

• Figure 12 represents the Fourier transform of the profile of the 
structure in the second embodiment according to the invention; 

• Figures 13 and 14 represent a structure profile in a third 
embodiment according to the invention, and its Fourier transform; 

• Figure 15 represents two real profiles of the grooved structure in 
said first embodiment according to the invention; 

• Figure 16 represents two real profiles of the grooved structure in 
said second embodiment according to the invention; 

• Figure 17 represents a view in section of the grooved structure 
according to the first embodiment according to the invention; 

• Figure 18 represents a view in section of the grooved structure 
according to a particular embodiment according to the invention, 

• Figure 19 represents the relative optical intensity as a function of 
the wavelength for a structure profile according to the first 
embodiment according to the invention; 

• Figure 20 represents the relative intensity as a function of the 
distance from the center of the structure according to the first 
embodiment; 

• Figure 21 represents the relative intensity as a function of the 
wavelength for a biperiodic Bragg grating profile; 

• Figure 22 represents the relative intensity as a function of the 
grating profile in Figure 21; . 

• Figure 23 represents an exploded view of a two-dimensional 
structure according to the invention; 

• Figure 24 represents a plan view and two views in section of a first 
function partly constituting a two-dimensional structure according 
to the invention; 

• Figure 25 represents a plan view and two views in section of the 
function constituting the two-dimensional structure according to the 
invention. 

MORE DETAILED DESCRIPTION 



6 



The invention is based on the properties of surface plasmons in 
interaction with optical diffraction structures or gratings. 

A surface plasmon is a surface wave propagating at the interface 
5 between two media whose dielectric permittivities are of opposite sign, the 
sum of the permittivities itself being negative. This is the case, for example, 
with interfaces between a conductive medium, which may be a metal or a 
doped semiconductor material, and a dielectric medium. It can be shown that 
surface plasmons exist below the resonant frequency of the plasma. An 
10 optical wave is conventionally defined by the propagation of an 
electromagnetic field, characterized by an angular frequency co characteristic 
of its temporal variation and a wave vector k characteristic of its spatial 
variation. It can be shown that the angular frequency and the wave vector of 
a wave capable of propagating at the interface between two media of this 
15 type satisfy one of the two curves in Figure 1, where cop respectively 
represents the plasma frequency and where kp is equal to cop/c, c being the 
speed of light. It can be shown that surface plasmons exist only below the 
resonant frequency of the plasma, and consequently only the lower curve is 
representative of surface plasmons. 

20 

In media where the refractive index is modulated periodically it can 

be shown that there are spectral ranges in which light cannot propagate, 

which are referred to as "photonic forbidden bands". For example, Figure 2 

represents a forbidden band in the case of a periodic medium of pitch A 

25 whose index variation is characterized by modulation of the dielectric 
constant Ae(x) having the value A^cos(2;r;c/A) in a direction x perpendicular 

to the grooves of the grating in Figure 2. The abscissa in Figure 2 represents 

the wave vectors k normalized with respect to the pitch A of the periodic 

grating. The ordinate represents the angular frequency ©o normalized with 

30 respect to an angular frequency of value c/2A. The forbidden band lies 

between the lower branch and the upper branch in Figure 2. It is centered at 

coo and at ko equal to A/2. The angular frequencies corresponding to ko, 

taken at the forbidden band limit, are denoted as co^ and o.. We put co. equal 
to coq -Ao) and co+ equal to o^-^Ao). The minimum width Aco corresponding 

35 to the difference between co+ and co. has the value cAe/lA^ . Outside the 
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forbidden bands, the electromagnetic waves which propagate are refenred to 

as "Bloch" waves and are the product of a strictly periodic term and a phase 

term whose wave vector Evanishes at the edge of the forbidden band. In the 

case of Figure 2, the distributions of the fields and E. corresponding to the 
5 angular frequencies co+ and ca. are proportional respectively to sin(;r x/A)e*'* 

and cos{7t x/ A)e^'^ . Said distributions of E+ and E. are represented in Figure 

3 as a function of the parameter x/X,, the variation of the dielectric constant 

also being represented in this same figure. 

The surface plasmons also satisfy these properties when the 

10 medium in which they propagate is modulated periodically. They then 

assume the properties of Bloch waves. The plasmon propagates along the 

interface between the dielectric and the metal. The optical index can be 

modulated in two ways. The first consists in periodically varying the 

permittivity of the dielectric medium. The second consists in producing a 

15 metal/dielectric interface in the form of a grating. In particular, it can be 
shown that a grating whose profile h(x) follows the law cos(2;r x/ A) , ho 

being a constant, is equivalent to a modulation of the dielectric permittivity 
A8(x) equal to Afcos(2;rjc/A) (W. L. Barnes, T. W. Presist, S. C. Kitson, and 

J. R. Sambles, "Physical Origin of photonic energy gaps in the propagation of 
20 surface plasmons on gratings," Physical Review B, vol. 54, pp. 6227-6244, 
1996.). 

In a grating of finite size, there are resonances of the Fabry-Perot 
type due to the reflection of plasmons at the ends of the grating. The 
25 distribution of the field, however, is different from that of a Fabry-Perot cavity 
in a homogeneous medium. Let L be the length of the grating and 5 a 
parameter with the value (k-Ti/A), then the resonance condition is written: 

5L=p7i, p being an integer 

This condition can be satisfied starting from p equal to 1 , even if 
30 the length L of the grating is very much greater than the wavelength X of the 
plasmon wave. Figure 4 represents the dispersion curve of the surface 
plasmons for a grating of the Fabry-P6rot type, in the particular case in which 
L is equal to 10 times the wavelength. In this Figure 4. the parameter kA is 
on the abscissa and the parameter (co/coo -1) is on the ordinate. The black 
35 points correspond to the values of kA and (co/coo -1) for different values of p. 
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When p is equal to 1 , the field E is localized in the middle of the grating as 
indicated in Figure 5. In this case the field E for co^ = cOq + Aco is equal to E+ 

and is proportional to sin(;rjc/A)sin(&), and for (o^ = cd^ - Hhlco it is E. and is 
proportional to cos(;r jc/A)sin(<&). This phenomenon is predicted for surface 

5 plasmons in metallic gratings (F. Pincemin and J.-J. Greffet, "Propagation 
and localization of a surface plasmon polariton on a finite grating." Journal of 
the Optical Society of America B. vol. 13. pp. 1499-1509, 1996). In figure 5, 
the field E in the case in which p is equal to 2 has also been in represented 
by dots. 

10 When a periodic structure is perturbed, for example by introducing 

a defect which may for example be a phase shift or a local change in 

refractive index, then a localized mode appears around the defect. The 

energy of this level then lies in the forbidden band. For example, let there be 

a modulation of the index described by its permittivity variation: 
15 AE{x) = Azcos{2ni\x\-Ax)/A) = ±Azsin(^n\x\/A), while adopting the same 

conventions as previously. In the limit that A8(jc) is a perturbation, the field of 

. the localized mode can be written in the following way: 

e""^ cos{k{x - Ax/2) - n/4) x>0 i 
e' cos 

where k=27in/A.=7i/A. The phase shift Ax can take two values: ±A/Q =±XI4n to 
20 within a multiple of A/4, n being the refractive index of the grating. 

The decrease of the field is linked with the term y equal to 
kAs/4yfs , It can be shown that the distribution of the field preserves the 

symmetry properties. Furthermore, the positions of the extrema of the field E 
with respect to the grating do not change. Figures 6 and 7 represent the 
25 distribution of the field E in dashes and, in solid lines, the profile of the 
permittivity variation as a function of the direction x perpendicular to the 
direction of the grooves of the grating for two values of the phase shift, which 
are respectively equal to +Ay4n and -X/4n. 

30 The surface plasmons lie below the "light line", as can be seen in 

Figure 1 where it is shown by the diagonal in dashes, and they cannot be 
excited without the aid of the prism or a coupling grating. The properties of 
the surface plasmons which are excited by a metallic coupling grating ki 
equal to 27i/Ai, Ai being the pitch of the grating, and which interact with a 
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Bragg grating k2 equal to 71/A2 have been studied. (W. L. Barnes, T. W. 
Presist, S. C. Kitson, and J. R. Sambles, "Physical Origin of photonic energy 
gaps in the propagation of surface plasmons on gratings," Physical Review 
8, vol. 54, pp. 6227-6244. 1996.). In this case, limiting ourselves to the first 
5 order terms in the Fourier series corresponding to the profile of the grating, 
the profile h(x) of the grating is: 

h{x) = aj cosi^Tvc / A, ) + cosi^TOc / A2 + O) . 

In a metallic grating, it is the surface charge generated by the 

incident wave which becomes the source of the excited surface wave. We 
10 then find that the charge as{x) is proportional to a, sin(2;a/Ai). Since the 

coupling depends on the superposition between the charge and the Bloch 

I 

mode, the relative phase ^ determines the excited branch allowing the Bloch 
modes to propagate, as indicated in Figure 2. If ^ is equal to tt, the lower 
branch o' is excited; if ^ is zero, the branch (o* is excited. 

15 

By combining the properties of coupling gratings and Bragg 
gratings having at least one defect it is therefore possible to obtain, from an 
incident wave, a plasmon wave which is both coupled and localized in a 
region having dimensions which are small compared to those of the final 

20 structure, and consequently to improve significantly the detectivity of a 
detector comprising such a structure. This provision may be applied to 
structures of the one-dimensional type, i.e. ones whose profile varies only in 
one direction in space, in which case the wave is localized in a narrow central 
band parallel to the direction of the grooves. It also applies to structures of 

25 the two-dimensional type, i.e. ones whose profile varies in both space 
dimensions, in which case the wave is localized at the center of the grating in 
a zone having dimensions which are narrow compared to the dimensions of 
the grating. 

30 Case of photodetectors with a one-dimensional grating 

In this case, as indicated in Figure 8, a photodetector 10 according 
to the invention essentially comprises: 

• A first photodetector support substrate 1 , which is transparent 
35 to the optical radiation intended to be detected; 
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• A conductive first layer 2, which is likewise transparent; 

• A second layer 3 composed of the active zone 31 proper, 
which has the form of a narrow band, and two peripheral zones 
32 which are inactive to light and arranged on either side of the 

5 active zone, at least the inactive zones likewise being 

transparent; i 

• The structure 4 according to the invention; 

• Electrical contact zones 5 making it possible to pick up the 
electrical signal coming from the active zone. 

10 

As illustrated in the Figure 8, the structure 4 according to the 
invention essentially comprises a layer 41 of at least one dielectric material 
which is transparent in the spectral range of the optical radiation, said layer 
41 comprising a substantially plane lower face 410 in contact with the active 

15 zone and an upper face 411 comprising the grooves of the structure, said 
face being covered with a metal film 43 represented by bold lines in Figure 8. 
For example, without implying any limitation, the metal is gold or palladium. 
The thickness of said metal layer is a few nanometers. The optical thickness 
of said layer separating the lower face from the upper face varies, along an 

20 axis Ox perpendicular to the direction of the grooves and parallel to the plane 
of the lower face, as the superposition of at least one first grating whose pitch 
has a first spatial frequency and a second grating whose pitch has a second 
spatial frequency that is two times the first spatial frequency. A second layer 
of dielectric material 42 protects the structure. 

25 

The photodetector functions as follows. A light beam (thick arrow 
in Figure 8) illuminates the photodetector with close to normal incidence. This 
beam passes through the first substrate 1 , the conductive first layer 2 and the 
second layer 3 without substantial attenuation. It then reaches the structure 

30 4. As mentioned, the structure is the combination of a coupling grating whose 
purpose is to excite a surface wave in transverse magnetic polarization, i.e. 
one whose electric field is perpendicular to the grating, with a Bragg* grating 
having a defect in order to obtain localization of the light beam captured by 
the structure in a central zone corresponding to the active zone 31. This 

35 improves the signal-to-noise ratio, which is the intended object. 
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If we define an axis Ox perpendicular to the direction of the grooves and 
parallel to the plane of the lower face of the grating 4 then, to within a 
constant, the mathematical function defining the optical thickness R(x) of the 

5 structure is the sum of the two periodic functions g(x,A) and f(x,2A), f 
representing the coupling function with spatial period A and g representing 
the localization Bragg function with spatial period 2A comprising a central 
defect. The relative phase between f and g conditions the final confinement 
properties of the coupled wave. If X denotes the average wavelength of the 

10 incident radiation, then the pitch A should advantageously be approximately 
equal to XI2n in order to obtain optimal coupling of the incident wave. 

It can be shown that there are two families of possible structure 
profiles, one exciting an anti-symmetric mode and the other a symmetric 
mode. 

15 In the case of the anti-symmetric mode, the functions fAs and gAs 

are then of the form: 

/as {^) - -^1 <^os{27ix I a) 

Sas (•^) - "^2 cos(4;z' \x\l A - njl) 

ai and az being two positive constants. 
20 In other words, to within a constant, the thickness R(x) varies 

along an axis perpendicular to the direction of the grooves and parallel to the 
plane of the lower face, whose origin is centered on the center of the grating, 
as a function which is the sum or the difference of: 

• a first function which is proportional to the sign function of the 
25 cosine function of the distance from the origin of said axis and 

has a period equal to that of the pitch of the grooves; and 

• a second function which is proportional to the sign function of 
the cosine function of the absolute value of the distance from 
the origin of said axis and has a period equal to half that of the 

30 pitch of the grooves, said second function being phase-shifted 

by one half-period with respect to the first function. 
Advantageously, the proportionality coefficient of the first function 
is two times that of the second function and the pitch of the first grating of the 
structure is approximately equal to half the average wavelength of the 
35 incident radiation divided by the average optical index of the structure. 
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In this case, it can be shown that the complex amplitude E(x) of 



the coupled wave has the value e'^''' sin(2;r jc/>l) corresponding to a localized 

mode. Y is a field decay constant depending on the parameters of the grating. 
The electric field E(x) and the profile Rm of the one-dimensional structure in 
this anti-symmetric embodiment are represented as a function of x/A for 32 
equal to half ai in Figure 9. i 

In the case of the symmetric mode, the functions fs and gs are 
then of the form: 



a^ and 32 being two positive constants. 

In other words, the optical thickness of the layer separating the 
lower face from the upper face varies along an axis perpendicular to the 
direction of the grooves and parallel to the plane of the lower face, whose 
origin is centered on the center of the grating, as a function which is the sum 
or the difference of: 



• a first function which is proportional to the sign function of the 
sine function of the distance from the origin of said axis and 
has a period equal to that of the pitch of the grooves; anfd 

• a second function which is proportional to the sign function of 
the cosine function of the absolute value of the distance from 
the origin of said axis and has a period equal to half that of the 
pitch of the grooves, said second function being phase-shifted 
by one half-period with respect to the first function. 

In this case, it can be shown that the complex amplitude E(x) of 



the coupled wave has the value e cos(2;r jc/>^) corresponding to a localized 
mode. Y is a field decay constant depending on the parameters of the grating. 
The electric field E(x) and the profile Rm of the one-dimensional structure in 
this anti-symmetric embodiment are represented as a function of x/A for 32 
equal to half a^ in Figure 10. The choice of the respective weighfing of the 
functions f and g is determined by the near field optimization, which depends 
on the application envisaged. There is no specific restriction on the coupling 
depth, nor on the relative weighting of the two functions. 

Technologically, the coupling gratings used in infrared detectors 
are produced by etching the layer then metal deposition. The technical 



fs{x) = ±^2, sin(2;cc/ a) 
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production of structure profiles according to continuous functions such as f 
and g poses complex production problems, without offering significant 
advantages in terms of luminous efficiency. The coupling and localization 
properties of the structure are determined by the Fourier transform of the 
5 function representing the optical thickness of the structure for a value of k 
lying in the interval [- 47t/A, + 47i/A]. Figures 11 and 12 represent the Fourier 
transforms H(k) as a function of kAJ2n for the anti-symmetric and symmetric 
modes as defined above. The solid curves represent the real parts of the 
Fourier transforms, and the dashed curves represented the imaginary parts 

10 of said Fourier transforms. In the case of the anti-symmetric mode in Figure 
1 1 , two real and symmetric peaks are obtained in the vicinity of the values of 
kA/27i equal to +1 and -1 and two double peaks symmetric with respect to 
the origin, each being anti-symmetric and real, are obtained in the vibinity of 
the values of kAJ2n equal to +2 and -2. In the case of the symmetric mode in 

15 Figure 12, two pure imaginary peaks of opposite sign are obtained in the 
vicinity of the values of kAJ2n equal to +1 and -1 and two real double peaks 
are obtained in the vicinity of the values of kAJ2n equal to +2 and -2. If a 
profile very different from the sinusoidal profiles but comprising the same 
fundamental frequencies is chosen, then the fundamental coupling and 

20 localization functions are ensured. In the Figures 13 and 14, a structure 
profile Rb of the "blazed" type is represented with its Fourier transform. 
Blazed gratings are used to maximize the diffraction of light waves in a single 
order, and generally have a characteristic sawtooth profile. It will be noted 
that the Fourier transform represented in Figure 14 is very similar to the 

25 Fourier transform represented in Figure 11. From this, it can be deduced that 
the coupling and confinement properties of this profile are equivalent to those 
of the one-dimensional structure exciting the anti-symmetric mode as 
represented in Figure 9, even though the initial profiles are substantially 
different. 

30 

Technologically, the structures that are simple to produce consist 
of "staircase steps" or facets obtained by stacking successive layers. It is 
thus possible to obtain the desired profile in two or three etching steps. This 
type of profile has properties equivalent to those of the sinusoidal gratings, 
35 on the condition of course that it comprises two fundamental spatial 
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frequencies, one being two times the other. Mathematically, in order to obtain 
this type profile, the functions f and g may be replaced by the functions 
sign(f) and sign(g) which satisfy the following properties: 

• when the function is positive, the function sign has the value +1 

• when it is negative, it has the value -1 . 

Thus, Figures 15 and 16 represent the following profiles for the 
anti-symmetric and symmetric modes: ' 



J 



R^^^ {x) = ^^^^^sh^^^^^^s) 



1 0 R^s W = signify ) + sign 



(is) 

U J 



^\^ sign{fs)'^sign{gs) 

This type of structure can be technologically produced in two 
different ways. 

In a first embodiment, illustrated in Figure 17, the layer 41 

15 constituting the structure is made from an isotropic dielectric material, the 
profile of each groove along the axis perpendicular to the direction of the 
groups being composed of mutually parallel plane facets with different 
heights according to a profile of the same type as those in Figures 15 and 16. 
It has a protective layer 42 on top. 

20 In a second embodiment, illustrated in Figure 18, the layer 41 

constituting the structure is made from a material composed of mutually 
parallel alternate layers 412, 413 of equal thickness and a central layer of 
double thickness corresponding to the defect, said layers alternately 
comprising a first material having a first permittivity and a second material 

25 having a second permittivity, the plane of the layers being perpendicular to 
the plane of the lower face and the profile of each groove along the axis 
perpendicular to the direction of the grooves being composed of regular 
crenellations with a pitch two times greater than the thickness of the alternate 
layers. This arrangement makes it possible to simplify consideralbly the 

30 profile of the upper face of the grating, which now comprises only two 
different heights. The incident beam is represented by a thick arrow in these 
two Figures 17 and 18. 
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For example, let there be a metallic structure of the same type as 
that represented in Figure 17, its period A being 2.8 microns in air. The metal 
of the film which covers the structure is assumed to be perfect, i.e. it has an 
infinity permittivity. This structure is illuminated in normal incidence by a 

5 plane wave. The distribution of the near field excited by the structure is 
calculated by the method of finite elements. Figure 20 represents the spatial 
distributions of the component of the average intensity of the electric field 
below the structure in a direction perpendicular to the median plane of the 
grating. The near field becomes very intense when the wavelength X of the 

10 plane wave is close to A.n. which is a general property of reflective gratings. 
The near field is localized in the middle of the grating, corresponding to x 
being zero. At least 60 per cent of the energy of the near field is localized to 
within 10 microns of the middle of the structure, corresponding to an increase 
in the intensity of the field by a factor of 3 compared to a conventional 

15 periodic structure. Figure 19 represents the spectral distributions of the 
component of the average intensity of the electric field below the grating as a 
function of the wavelength. The spectral width at half-height of the intensity is 
equal to 0.14 micron. 

It should be noted that when the structure does not comprise a 

20 central defect, this affects its confinement properties. For comparison, 
Figures 21 and 22 present similar distributions but in the case of localization 
due to effects of a finite size in the case of a biperiodic grating not having a 
central defect. There is spatial localization, but over a width two times greater 
than in the previous case. The spectral distribution furthermore narrows, the 

25 spectral width at a half-height of the intensity being equal to 0.12 micron as 
indicated in Figure 21 . ^ 

Case of photodetectors with a two-dimensional structure 

30 In this case, as indicated in Figure 23, a photodetector 10 

according to the invention essentially comprises: 

• A first photodetector support substrate 1 , which is transparent 
to the optical radiation intended to be detected; 

• A conductive first layer 2, which is likewise transparent; 
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• A second layer 3 composed of the active zone 31 proper, 
which has the form of a central zone with small dimensions 
surrounded by a peripheral zone 32 which is inactive to light 
and arranged around the active zone, at least the inactive 

5 zones likewise being transparent; 

• The two-dimensional structure 4 according to the invention; 

• Electrical contact zones 5 making it possible to pick up the 
electrical signal coming from the active zone. 

The two-dimensional structure is composed of patterns with 
10 substantially identical dimensions, the active zone 31 being centered on the 
structure and the dimensions of the active zone being substantially equal to 
the average dimensions of the patterns. 

The structure is produced in a layer 41 of at least one dielectric 
material which is transparent in the spectral range of the optical radiation, 
15 said layer comprising a substantially plane lower face 410 in contact with the 
active zone and an upper face 41 1 comprising the patterns of the structure, 
said face being covered with a metal film 43, the optical thickness of said 
layer separating the lower face from the upper face varying: 

• along a first axis parallel to the plane of the lower face, as at 
20 least one first grating whose pitch has a first spatial frecjuency; 

• along a second axis perpendicular to the first axis and parallel 
to the plane of the lower face, as at least one second grating 
whose pitch has the same first spatial frequency; and 

• along an oblique third optical axis at 45 degrees to the 
25 previous two, as at least one third grating whose pitch has a 

second spatial frequency equal to half the first spatial 
frequency. 



The photodetector functions as follows. A light beam (thick arrow 
30 in Figure 23) illuminates the photodetector with close to normal incidence. 
This beam passes through the first substrate 1. the conductive first layer 2 
and the second layer 3 without substantial attenuation. It then reaches the 
two-dimensional structure 4. As mentioned, said structure is the comlpination 
of a coupling grating whose purpose is to excite a surface wave in transverse 
35 magnetic polarization, i.e. one whose electric field is perpendicular to the 
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grating, with a Bragg grating having a defect in order to obtain localization of 
the light beam captured by the structure in a central zone 31 corresponding 
to the active zone. This improves the signal-to-noise ratio, which is the 
intended object. 
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Along the two mutually perpendicular axes Ox and Oy 
perpendicular to the plane of the lower face, the mathematical function 
defining the optical thickness of the structure is the sum of two periodic 
functions g(x, y) and f(x. y), f representing the coupling function with spatial 
period A and g representing the localization Bragg function with spatial 
period 2A comprising a central defect. The relative phase between f and g 
conditions the final confinement properties of the coupled wave. If X denotes 
the average wavelength of the incident radiation, then the pitch A should 
advantageously be approximately equal to XI2n in order to obtain ^optimal 
coupling of the incident wave. 

The simplest periodic functions are the trigonometric sine and 
cosine functions. In this case, the functions may be defined in the following 



way: 



f{x,y) = ±a^ sin —{x-y) 



2n 
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and g{xyy)^-a,^ 
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The constants a^ and 32 are positive, the + or - signs placed in front of ai 
being associated with two possible implementations of the structure. As 
mentioned for the one-dimensional structures, all functions / and g having 

the same spectral content as the functions f and g at the order 1/A and the 
order 21 A will have similar coupling and confinement characteristics. 

Technologically, the structures that are simple to produce consist 
of "staircase steps" or facets obtained by stacking successive layers. 
Mathematically, in order to obtain this type of profile s(x,y), the functions f 
and g may likewise be replaced by the functions sign(f) and sign(g). Thus, 
Figures 24 and 25 represent in plan view and the section views of the 
functions: 
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s{x, y) = 7(^1 3^) + gixy y) = a, 

In other words, the optical thickness of the structure separating the 
lower face from the upper face varies along two mutually perpendicular axes, 
which are parallel to the plane of the lower face and whose common origin is 
5 centered on the center of the structure, as a function which is the sum or the 
difference of: 

• a first function which is proportional to the sign functibn of a 
first cosine function of the absolute value of the distance from 
the origin proportional to the sign function of the cosine 

10 function first axis, said first cosine function being phase-shifted 

by plus or minus 90 degrees with respect to the origin; 

• a second function which is proportional to the sign function of 
the cosine function of the absolute value of the distance from 
the origin along the axis perpendicular to said first axis and has 

15 a period identical to that of the first function, said second 

cosine function being phase-shifted by plus or minus 90 
degrees with respect to the origin; 

• a third function which is proportional to the sign function of the 
sine function of the difference between the distances to the 

20 origin along the first axis and the second axis. 

In the plan view of the function g{x,y) as represented in Figure 

24, the level differences between the staircase steps are represented by gray 

levels becoming brighter as the level increases. The profile of the function 

25 along two sections AA and BB is represented below the plan view. 

In the plan view of the function s{x,y) as represented in Figure 25, 

the level differences between the staircase steps are represented by gray 
levels becoming brighter as the level increases. The profile of the function 
along two sections CC and BB is represented below the plan view. 

30 

This Invention advantageously applies to detectors of the QWIP 
(Quantum Well Infrared Photodetector) type, the metallic structures 
according to the invention being applied above the active zone of these 
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components. The active zone is placed as close as possible to the stmcture 
and in correspondence with the defect of said structure. i 

The invention also applies to other types of detectors, for example 
inter-band photodetectors or photoconductors based on families of materials 
5 such as GaSb (gallium antimonide) or HgCdTe (Mercury Cadmium 
Tellurium). 

The active zone of the component should be limited to a small 
region above the defect. The limitation of the active zone may involve: 
• neutralizing the quantum wells by implantation; 
10 • limiting the current by neutralization of the doping in the contact 

layer, in the case of photodetector systems. 
The structures according to the invention may be used in other 
spectral ranges, such as microwaves whose frequencies are of the order of 
one gigahertz, the far infrared range whose frequencies are of the order of 
15 one terahertz, or the near infrared range. ' 

The invention also applies to photosensitive matrices comprising a 
plurality of photodetectors according to the invention organized in rows and 
columns. 
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PHOTODETECTOR W I TH NEAR F I ELD CONCENTRAT I ON, 
5 ABSTRACT 



10 The field of the invention is that of photodetectors, and more 

precisely so-called quantum well photodetectors operating in the medium 
infrared, known by the acronym QWIP standing for Quantum Well Infrared 
Photodetector. It is an object of the invention to increase the detectivity of the 
detectors by significantly reducing the surface area of the detection zone 

15 while conserving the incident flux. This result is obtained by arranging a 
structure or grating on the active zone of the photodetector, which couples 
the incident wave and confines it on the active zone. The major features of 
this structure or this grating are that it comprises patterns or grooves having 
a first spatial frequency and a second spatial frequency, and also comprising 

20 a central defect. 



Figur e 8 



I 



